Background: The physiological changes of pregnancy can increase the risk of peri-partum pulmonary aspiration. There is limited objective information regarding gastric volumes in pregnant patients. The aim of this cohort study was to characterise prospectively the range of gastric-fluid volume in term non-labouring pregnant patients compared with a historical cohort of non-pregnant females. Methods: Fasted non-labouring term pregnant patients scheduled for elective Caesarean delivery underwent a standardised gastric ultrasound examination. Gastric content was evaluated qualitatively (type of content), semiquantitatively (Perlas grades), and quantitatively (volume). The antral cross-sectional area and volume were compared with those of a retrospective cohort of non-pregnant females from the same institution. Descriptive statistics were used to describe the central tendency through mean and median values. Dispersion was evaluated with standard deviation and inter-quartile range, and the higher end of the distribution as 95th percentile. Results: Non-labouring pregnant (59) and non-pregnant (81) subjects were studied. The range of estimated total gastricfluid volume (P¼0.96) and volume per body weight (P¼0.78) was not significantly different between cohorts. An estimated volume of 115 ml (102e143) vs 136 ml (106e149) and volume per body weight of 1.4 ml kg À1 (1.2e2.8) vs 2.0 ml kg
Pulmonary aspiration of gastric contents remains a rare but serious complication in obstetric anaesthesia, and is associated with significant morbidity and mortality. 1e3 One of the main factors involved in the pathophysiology of pulmonary aspiration is the presence of gastric contents at the time of anaesthetic induction. 4 Studies suggesting that gastric emptying time is not prolonged by pregnancy have put into question the long-standing premise that every pregnant woman should be considered to have a 'full stomach'. 5e8 These data come from small samples 5e7 or heterogeneous non-obstetric control populations. 8 We therefore conducted a study to compare the range of gastric-fluid volume of fasted non-labouring term pregnant patients to that of fasted non-pregnant female surgical subjects. We hypothesised that term pregnancy was associated with a higher baseline gastric volume (by 50%) compared with non-pregnant female surgical patients.
Methods

Study design
After approval by the Institutional Ethics Board (OG106/EC/263, 26.02.2015) and obtaining written informed consent, we conducted a single-centre prospective cohort study on fasting non-labouring pregnant patients at term (Hospital AZ Monica, Campus Deurne, Belgium) between March 2015 and October 2016. The study was designed and conducted following the Strengthening the Reporting of Observational Studies in Epidemiology guidelines. 9 The inclusion criteria were 18 yr of age and older, ASA physical status 1e3, scheduled for elective Caesarean delivery under neuraxial anaesthesia, !37 weeks gestational age having followed institutional fasting guidelines (a minimum of 2 h for clear fluids, 6 h for a light meal, and 8 h for a meal that included fried or fatty food), and able to understand the rationale of the study. The exclusion criteria were multiple gestation and pre-existing abnormal anatomy of the upper gastrointestinal tract (previous lower oesophageal or gastric surgery, hiatal hernia, and gastric cancer). Gastrooesophageal reflux disease and gestational diabetes mellitus were not exclusion criteria. Preoperative pharmacological antacid aspiration prophylaxis was not routinely used.
Ultrasound assessment
Focused gastric ultrasound examinations were performed immediately before operation by one of three examiners: a staff anaesthesiologist with more than 5 yr experience in gastric ultrasound or one of two residents under direct staff supervision. A previously described standardised scanning protocol was followed. 10, 11 A curvilinear low-frequency (2e5 MHz) transducer and a Philips HD11XE or CX50 ultrasound machine (Philips Healthcare, Andover, MA, USA) were used. The gastric antrum was identified on a sagittal scanning plane in the epigastrium. The liver anteriorly and the pancreas posteriorly were used as anatomical reference points to obtain a standardised scanning level. The aorta or inferior vena cava served as additional reference point. All subjects were first scanned in the supine position, followed by the right lateral decubitus (RLD) position. 10e13 The examination was considered inconclusive if the antrum was not identified or if it was only visible in the supine position. The examination included both a qualitative and a quantitative component. The stomach was characterised as 'empty' (flat antrum with juxtaposed anterior and posterior walls in both supine and RLD), to contain fluid (distended antrum with thin walls and hypoechoic content) or thick fluid/ solid food (distended antrum with content of mixed echogenicity) based on qualitative findings. Gastric-fluid volume was estimated using the cross-sectional area of the antrum (CSA) measured in the RLD (obtained with the free-tracing tool of the ultrasound equipment). The area was measured including the entire thickness of the antral wall and the following mathematical model: gastric volume (ml)¼27.0þ14.6ÂRLD CSAe1.28Âage. 14 This model has been validated against endoscopically guided gastric suctioning for non-pregnant adults with a wide range of ages and weights, and accurately predicts gastric volume up to 500 ml. The pregnant patient's weight at term was used to calculate gastric volumes per weight (ml kg À1 ). The antrum was classified according to a 3-point grading system (Perlas grade 0e2) based on the presence or absence of clear fluid in the supine and RLD positions (clear fluid refers to the presence of anechogenic non-particulate content). 13, 14 Grade 0 refers to the absence of appreciable gastric content in the antrum in both supine and RLD positions. Grade 1 corresponds to clear fluid that is appreciable in the antrum in the RLD only. Grade 2 corresponds to clear fluid in the antrum in both the supine and RLD positions.
Statistical analysis
The sample size was estimated to detect a 50% difference in mean gastric volume (expressed in ml kg
À1
) between the two cohorts. The calculation was based on the assumption of mean gastric volume of 0.70 (0.59) ml kg À1 and 1.05 (0.59) in the non-pregnant 5 and pregnant cohorts, respectively. A t-test was used for this calculation, and then translated to the ManneWhitney U-test assuming the worst-case asymptotic relative efficiency of 0.846. A minimum sample size of 53 pregnant subjects was required to test the hypothesis with 80% power and a two-sided 5% significance level. To allow for inconclusive examinations or loss to follow-up, we studied 59 subjects.
The primary outcome was to characterise the range of gastric-fluid volume in fasting non-labouring pregnant patients at term. The secondary outcomes were (i) 95th percentile of antral CSA and gastric-fluid volumes, and (ii) distribution of antral grades. These data were compared with those of a historical cohort of non-pregnant subjects from the same institution who had been evaluated by the same three examiners using the same ultrasound protocol. 15 From the 538
Editor's key points
Pregnancy has been associated with increased gastric volume and risk of pulmonary aspiration, but recent evidence suggests that gastric emptying is not delayed. In a single-centre prospective study, gastric volume in non-labouring pregnant patients at term was compared with that in non-pregnant females using ultrasonography. Baseline gastric volume of pregnant patients was not significantly different from that of non-pregnant females. This finding supports recent data that suggest that the overall risk of aspiration in pregnant patients is relatively low, and provides useful reference data for ultrasonographic evaluation.
subjects originally studied, we selected all females of childbearing age (18e49 yr of age) to use for comparison (n¼81). The ShapiroeWilk test was used to test the assumption of normal distribution. When normally distributed, continuous variables are expressed as mean [standard deviation (SD)] and compared using Student's t-test. If not normally distributed, continuous variables are expressed as median and interquartile range (IQR), and analysed with non-parametric tests (ManneWhitney U-test). Categorical data are expressed as incidence (proportion) or ratios, and analysed with the Fisher's exact test. Differences were considered significant if P<0.05. For the purpose of comparison with the cohort of nonpregnant subjects, the distributions of the values of CSA and gastric volume were visually inspected with density and quantileequantile diagnostic plots, and tested with the KolmogoroveSmirnov two-sample test. The 95th percentiles of antral CSA and gastric volume were calculated using a binomial-based method. Linear-regression analysis was used to evaluate the trend between antral grade and antral crosssectional area, gastric volume, age, weight, and BMI. Similarly, logistic-regression analysis was used to evaluate the trend between antral grade and incidence of diabetes and gastro-oesophageal reflux. The statistical analysis was performed with R.3.4.1 statistical package (R Development Core Team 2011, R: a language and environment for statistical computing; R Foundation for Statistical Computing, Vienna, Austria).
Results
We enrolled 59 patients who consented to participate in the study; the subject characteristics are summarised in Table 1 . The subjects had fasted for liquids for a median interval of 8 (IQR: 5) h and 12 (4) h for solids. The ultrasound examination was inconclusive in four patients (antrum not identified: n¼2; visible in supine position only: n¼2). The 55 remaining subjects were included in the final analysis, and their data were compared with those of 81 non-pregnant female surgical subjects (Fig. 1) .
Antral CSA and gastric-fluid volume (expressed both in ml and ml kg À1 ) were similarly distributed in both cohorts ( Table 3 ). There was no linear trend between antral grade and age, weight, BMI, and incidence of diabetes mellitus or gastro-oesophageal reflux (data not shown).
Of the 55 included subjects (Fig. 1) , 35 (63.6%) presented no appreciable gastric content (Grade 0 antrum) and 18 (32.8%) had appreciable clear fluid. Two (3.6%) had thick fluid/solid despite adequate fasting, and were excluded from the gastricfluid-volume calculation (n¼53; 89.8%). One of these two subjects was obese (BMI¼44), had a history of gastro-oesophageal reflux disease, and had fasted for clear fluids for 2 h and solids for 8 h. The second subject with solid content had fasted for 8 h for clear fluids and 12 h for solids, and had no risk factors for delayed gastric emptying.
Of those that had clear fluid, 15 (27.3%) were classified as Grade 1 and presented 1.5 ml kg À1 of clear fluid. The remaining three patients (5.5%) presented a Grade 2 antrum and >1.5 ml kg À1 (Fig. 1) . These three subjects with a Grade 2 antrum had fasted for 4e10 h for fluids and 10e16 h for solids, and had no particular risk factors for prolonged gastric emptying.
Discussion
This study was designed to compare the estimated volume of baseline gastric secretions in fasting, non-labouring patients at term to that of non-pregnant female subjects. We found that the median estimated fasting volume of 44.7 mL (IQR: 48.5) was not significantly different from that of the non-pregnant cohort, and remarkably similar to recent reports from other 6, 7 reported mean antral CSA of 4±2.5 and 5.2±2.1 cm 2 in nonobese and obese pregnant subjects, respectively, which are also close to those in our cohort. Whilst confirmatory of previous reports, the present study offers the added value of comparing obstetric subjects to a similar cohort (in gender and age) of non-pregnant subjects. Rouget and colleagues 16 and Wong and colleagues 6, 7 reported values on obstetric subjects only, whilst Arzola and colleagues 8 used a historical comparative cohort of unselected elective surgical subjects. Whilst mean and median values are useful to compare the central tendencies of the data, measures of dispersion (such as 95th and 99th percentiles) are required to illustrate the broader range of values in the sample and in particular to evaluate the 'upper limits' of normal. The 97.5th percentile is commonly used to establish an upper limit of normal values in a The P-values of the Kolmogorov-Smirnov test compare the entire distribution of the data in both cohorts. population. For a normally distributed variable, the 97.5th percentile is equal to meanþ2 SD. Given that gastric volume in our sample is not normally distributed but rather positively skewed, the 97.5th percentile is larger than the meanþ2 SD. We therefore chose to report the 95th percentile of CSA (and volume) as the upper limit of normal, hence a CSA of 8. These values can help determine if an individual's gastric volume (or CSA) is compatible with baseline gastric secretions or suggests a 'full stomach'. Such data had been difficult to obtain because of lack of a non-invasive method to study gastric volume in humans. Previous studies of volumes of acid directly instilled into the tracheas of animals likely overestimated the risk associated with an otherwise insignificant baseline gastric fluid. 19, 20 Our results align with more recent human data that suggest volumes of up to about 1.5 ml kg
À1
are common in fasted individuals and otherwise clinically benign.
21e25
Although recent data suggest that the overall risk of aspiration in pregnant patients is relatively low, 26,27 the current standard of care is to consider all term pregnant women as having a 'full stomach' and being at risk of aspiration.
27e30
Many centres still currently administer routine aspiration prophylaxis to all patients before Caesarean delivery. 31 Pregnancy-induced physiological changes (such as upper displacement and increased pressure of the stomach by the gravid uterus, progesterone-mediated relaxation of the lower oesophageal sphincter, and lower gastric pH) might conceivably increase the aspiration risk in pregnancy, but clinical data on aspiration risk and its relation to gastric volume are scarce and mixed in this population. 26 The introduction of point-ofcare gastric ultrasound has added new perspectives to this 'old' question. 19, 32, 33 On one hand, one study suggests that gastric emptying may be similar in non-labouring pregnant and non-pregnant patients. 8 However, this evidence is weak and comes from a study with a mixed pregnant/non-pregnant control cohort. 8 On the other hand, a recent caseecontrol study that evaluated gastric emptying in term pregnant subjects after a standardised meal suggested that gastric emptying is indeed prolonged in late pregnancy. 34 Two pregnant subjects in our cohort (3.6%) presented thick fluid/solid content. There were no underlying conditions present that might explain delayed gastric emptying. Barboni and colleagues 34 suggested that the transit of food after a standardised meal was slower in term pregnant than in non-pregnant subjects. The presence of this thick fluid/ solid content in these two subjects is in line with previous findings in 538 fasted non-pregnant patients for elective surgery where solid content was reported to be present in 1.7% of patients. 15 Two other studies in fasted term pregnant females before elective Caesarean section found no solid gastric content. 8, 16 This study has several limitations. Firstly, it can be argued that the magnitude of the hypothesis that gastric volume is 50% higher in term pregnancy is too large, and therefore, the study was not powered to detect smaller differences. However, the actual difference between the median gastric volumes (8 ml or 20%) is indeed very small and clinically negligible. Secondly, the fact that three different anaesthesiologists performed the ultrasound examinations might arguably lead to increased measurement variability. However, it has been previously shown that, when a standardised scanning protocol is used, both quantitative and qualitative gastric ultrasound assessments are highly reproducible with low interand intra-observer variabilities. 35, 36 The mathematical model used to estimate gastric volume was developed and validated in non-pregnant adults, and has not been fully studied in pregnant patients.
14 A different predictive model developed for the third trimester has been recently proposed by Arzola and colleagues. 37 This latest model was not available at the time of planning and execution of this study, but we considered using the new model post hoc. However, we decided against it given that the new model 37 is based on ingested fluids only and, unlike the pre-existing model, does not take into account baseline gastric secretions. 14 The new model, therefore, although derived from data on pregnant patients, significantly underestimates lowvolume states. For example, according to the new model, 37 6 of the 53 subjects in our cohort would be considered to have a gastric volume of 0 ml despite gastric fluid being clearly appreciable in the RLD position (and estimated to be between 10 and 60 ml based on the previous model 14 ). This discrepancy between the two models at low-volume states is likely not a major shortcoming from a clinical perspective. However, for the purpose of this paper, we felt it fitting to apply the preexisting model to study the overall distribution of total gastric volume values in fasting subjects, many of whom are expected to have low volumes at baseline. A fourth limitation is that gastric ultrasound can be more technically challenging in pregnancy given the upward displacement of the stomach and its rotation into a more horizontal position, the moving fetus, and an increase in respiratory rate. Probe placement can be difficult because of the steep angle between the xyphoid and the abdomen. 8 38 Nevertheless, ultrasound examination was conclusive in 93.2% of our cohort, which is similar to previous reports (82.5e100%). 8,38e40 Finally, a possible limitation is that the data on non-pregnant patients were obtained from a historical cohort. However, the two cohorts are comparable given the use of a standardised scanning protocol by the same authors from the same institution. 15 Finally, we used gastric-fluid volume per body weight as a variable to compare the pregnant and non-pregnant patient groups. The additional weight in pregnancy is not the same as in non-pregnant subjects, as a proportion of the weight, such as the fetus, placenta, and amniotic fluid, is not part of the patient's own body weight.
In conclusion, our data suggest that the 95th percentile of antral CSA in healthy fasting term non-labouring pregnant patients is 8.7 cm 2 , which corresponds to a volume of 115 ml or 1.4 ml kg À1 . These values were not significantly different from those of a non-pregnant cohort. These upper limits of normal values may be helpful in the interpretation of individual findings when performing gastric point-of-care ultrasonography in the obstetric patient. 
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